In this paper characterization of dielectric materials in liquid and powder phase using concentric closed and split ring resonators of length l, l/2, and l/4 is reported. Experimental results have been validated by simulations and theoretically modeling. Sensitivity of the resonator with closed rings was maximum. Experimentally extracted values of dielectric constant of ferrite ranged from 14.05 to 15.1 with closed ring resonators and from 13.6 to 14.02 with split ring resonator, respectively. For spirulina platensis the dielectric constant was lying in the range 1.78-1.93 and 1.74-2.04 with closed ring and split ring resonators, respectively. The values extracted experimentally are in good agreement with simulation and theoretically found values. However, the values obtained from closed ring resonator were in agreement with the dielectric constant values of ferrite and spirulina platensis. 
I . I N T R O D U C T I O N
Material characterization is an important field in microwave engineering and is used in the system design of high-speed circuits to satellite and telemetry applications [1] . Every material has a unique set of electrical characteristics that are dependent on its dielectric properties. Accurate measurements of these properties can provide scientists and engineers with valuable information to properly incorporate the material into its intended application for more materials designs or to monitor a manufacturing process for improved quality control. Several measurement techniques for dielectric properties have been reported in the literature [1] [2] [3] [4] and can be classified into transmission-reflection and resonance techniques. The resonance techniques do not have the swept frequency capability. Unlike resonance techniques, the transmission techniques usually have the sweep frequency ability for the measured frequency range. The transmission and/or reflection signals are always tested to calculate the dielectric properties of the specimen. However, the resonance techniques are more accurate than the transmission techniques, especially in calculating small loss tangent or loss factors, therefore resonance techniques are widely used. In this paper, dielectric constants of liquid-and powder-phase dielectric materials are calculated using the resonance technique using coupled closed and coupled split ring resonators. Closed coupled rings have shown greater sensitivity in comparison with coupled split ring resonator. Results have been validated with simulation and theoretical modeling.
I I . D E S I G N
Concentric circular resonators were designed on an FR-4 substrate with thickness of the substrate 1.1 mm, and dielectric constant 5.5. Total length and width of the substrate are 84.16 and 41.08 mm, respectively, and are fed through microstrip line capacitively, satisfying the resonant condition 2pR = nlg, for n = 1, 2, 3,
where R is the mean radius of the ring and n is the harmonic order of the resonance. Calculated [3] mean radius of first, second, and third concentric rings are 15.85, 7.926, and 3.96 mm, respectively, with uniform thickness of 1.77 mm. These concentric ring resonators were capacitively fed through a gap of 0.4108 mm by a microstrip line of length 24.9 mm. Schematic of resonators is shown in Fig. 1 . Coupling between the feedline and the ring must be taken into consideration because its capacitive effect can change the resonance frequency significantly [5] . Here the coupling gap between the feed line and ring is represented as a network capacitance C, and ring is represented by a shunt circuit consisting inductance (L r ) and capacitance (C r ). In the split ring resonators one more network capacitance C is added in the shunt circuit of the ring. equivalent lumped element circuits. C 1 and L 1 represent the capacitance and inductance between the two rings, respectively.
I I I . E X P E R I M E N T A L A N D T H E O R I T I C A L A N A L Y S I S
Two materials spirulina platensis-Gietler in semisolid phase and ferrite in powder phase were subjected to characterization for dielectric constants and loss tangent in the L-band. First the frequency response of the Closed Ring Resonator (CRR) and Split Ring Resonator (SRR) without the spirulina platensis-Gietler and ferrite were studied and then followed by the frequency response of the CRR and SRR with spirulina platensis-Gietler and ferrite have been studied. One-millimeter-thin layer of sample was loaded onto the resonators and characterization of the sample was done using shift in resonance.
In the first step complex permittivity and loss tangent of the substrate is calculated. Loaded quality factor Q L is computed using the following relation from the observations:
where f 0 is the resonance frequency, Df is the 3 dB bandwidth, and Q U is the unloaded quality factor that depends on total insertion loss (IL) of the system and can be estimated using
Total loss of the resonator is inverse of loaded quality factor, which is the sum of losses due to the dielectric component, conducting component, and the losses of the resonator without any external load. Here (1/Q D ) is the direct measure of the loss tangent of the materials loaded to the resonator. In the present study, conductor loss is neglected due to very high conductivity of the copper deposited on the substrate:
The loss tangent tan d (substrate) is calculated using the following relation:
where r e is the energy filling factor which is the ratio of average energy stored in the specimen to the average energy stored in resonant structure. Loss tangent in equation (5) can be related to the real and imaginary parts of permittivity as follows
where for 1 ′ is the dielectric constant of the substrate of CRR and SRR.
The inaccuracy of the dielectric constant of the substrate does not affect the measurement because the effect of the substrate's dielectric constant gets canceled as shown in
.
Using equation (5), equation (7) can be rewritten as
where r is the energy filling factor of the sample, and r 1 and r 2 are the energy filling factors of the substrate with the sample and the substrate alone, respectively. Values of the filling factor are chosen empirically on the basis of transmission loss and values of quality factor on loading the resonator with the sample [10]. Table 1 . The predicted results for CRR are within +5% accuracy and the SRR accuracy factor goes up to +10%. The results clearly show that closed resonators have better accuracy as compared to the split resonator. Higher sensitivity of CRR can also be explained by the lumped element circuits of the ring. The quality factor of the parallel RLC circuit is calculated by the following equation:
I V . R E S U L T S A N D D I S C U S S I O N
where R is the total resistance, C is the total capacitance, L is the total inductance, and Q is the quality factor of the parallel RLC circuit. C T , L T , and R T are total capacitance, total inductance, and total resistance of the ring, respectively, and Q is the quality factor of the ring. L 1 and C 1 are the mutual inductance and capacitance between the rings, respectively, and L r , L r1 , and L r2 are the inductance of the rings of length l, l/2, and l/4 are calculated using their lumped element circuits are given below (from Fig. 2 ).
The equations above and the equivalent circuit diagram elucidate the reason for higher sensitivity of CRR as compared with SRR. The effective capacitive reactance of the rings increases due to additional gap capacitance resulting in higher losses and poor sensitivity. This could be a reason for lowest sensitivity in 3SRR. Further, from the theoretical model it is clear that due to the presence of split, inductance decreases in SRR as compared to CRR (as shown in Table 2 ).
Thus, the gap capacitor of SRR plays an important role in deciding the sensitivity. The reported [6, 7] dielectric constant of lithium zinc titanium ferrite and spirulina platensis-Gietler is 15 and 1.9, respectively. Experimentally measured dielectric constant of ferrite and spirulina platensis-Gietler is 14.17-13.68 and 1.76-1.92 with the accuracy of +5% using closed ring resonator. With SRR values of dielectric constant were found to be in the range 15.1-13.6 for ferrite and 1.74-2.04 for spirulina platensis-Gietler, respectively, with the +10% accuracy (as shown in Tables  1 and 2 ). Values of r 1 for spirulina platensis-Gietler were 0.014, for ferrite were 0.1, and value of r 2 for substrate alone were 0.04, lower value of filling factor in the case of spirulina platensis-Gietler is due to decreases in Q values and in the case of ferrite filling factor is greater than the value of filling factor of substrate due to increase in quality factor because quality factor is a direct measure of energy stored in dielectric material as evident from Table 3 . The comparison of accuracy of CRR and SRR with the cavity perturbation [8, 9] is given in Table 4 .
Results are compared with the ones from theoretical model as shown in Table 2 . From the analysis CRRs were found to have more accurate predictability as compared to SRR. Results obtained in this paper were also in agreement with the earlier published results [6, 7] . microwave characterization of dielectric materials
V . C O N C L U S I O N
This paper presents the comparative study of dielectric characterization of closed and split ring resonator. Two different kinds of samples, viz. ferromagnetic in powder form and bio sample in semi-liquid forms, were taken. The analysis shows that measured values of dielectric parameters using CRR were more accurate than SRR. Experimental results were validated by simulations of the experimental design on the CST microwave studio. The method proposed herein can be used for the dielectric characterization of liquids and solids in powder phase. A wide rejection bandgap filter also an important component for many communication systems for reducing the interference from crowded channels [3] . Some frequency band in microwave application can be filtered using quarter wave open end and short end stubs along a transmission line but these structures has narrow bands and devices are quite large [5] .Ferrite films have been used for microwave devices because of their planner geometry and 2D coupling mechanism. Manufacturing these films and integrating it into the planar circuit are still complicated and expensive procedure. [2] Recently, electromagnetic band gap structures (EBG) have received considerable interest due to their potential usefulness in controlling electromagnetic (EM) wave propagation. These unique features of EBGs are utilized to suppress surface wave effects in planar microwave devices. EBG structures have been widely studied at microwave frequencies [4] . In the present work we propose the broadband band stop filters using hexagonal EBG structures for various applications where planar microwave devices are used. It is further envisioned that planar EBG structures can render tenability due to their ability to confine EM fields. EBG are periodic structures which exhibit in their spectrum band gaps, i.e., frequency regimes of forbidden electromagnetic (EM) wave propagation. This property makes them excellent candidate structures in controlling the EM waves, giving them the ability to be used in a broad range of applications, such as e.g., in telecommunications for the construction of ultra-small integrated circuits. In order to predict the bandgap accurately of the designed EBG structure, the bandsolve analysis has done using the RSoft Band Solve. And the response of the device taken by the vector network analyzer (Rohde & Schwarz ZVA 50) and simulations are performed using the CST microwave studio. In the Fig 2 along the horizontal axis of the a gap map is the radius of the columns; along the vertical axis is the frequency The locations of the band gaps are outline d for both TE and TM polarization. The frequency and the lattice constant must be scaled to the desired levels, using the scaling laws.
R E F E R E N C E S
To calculate the upper and lower region of frequency of required EBG structure firstly we calculate the ratio of r/a, here the values of r and a are 0.86 and 1.72 respectively. After this we draw a straight line from the calculated value of r/a and chose the upper and lower limit points of the frequency at the y axis.
Using the following equation we calculate the upper and the lower frequency of the band gap region [3] ωa/2πc = r/a
Calculated frequency of the band gap region is between 31.764 GHz to 42 GHz. Figure: 2 gap map for a honeycomb lattice.
Maintaining the Integrity of the Specifications

III. RESULTS AND DISCUSSIONS
The scattering parameters of 2 port honeycomb lattice EBG structure on the back plane of microstrip line were measured by simulation and experiment and plotted the magnitude of S21 in Fig:3 .S21 parameters features a 10 GHz wide band gap imposed by honeycomb lattice EBG structure. From simulation, experiment and gap-map calculation the band gap obtain are 10.55 GHz, 10.31GHz and 10.44 GHz respectively. 
IV. CONCLUSION
A planar mrtslluc 2-D Honeycomb lattice EBG structures with hexagon basis points is designed and analysed .The measurements shows deep and wide stopband band gap of 10 GHz from 31 to 41.68 GHz region. The results were confirmed by the simulation and gap map methods. This proposed structure is simpler to fabricate, cost effective, compact size and has been shown to achieve large stop band with reduction of noise. Possible application of these structures include filter, frequency selective surface and efficient antennas.
